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LETFER OF TRANSMIHAL 


Department of tre Interior, 

Bureau of Education, 
Washington, June 2t y 1916 . ' 

Sir: Tho cooperative system of education in tho Department of 
Enginoering of tho University of Cincinnati, begun 10 years a^o, is, 
I believe, one of* tho most interesting and instructive experiments 
in education within recent years. Tho importance of the experiment 
is (iue to the fact that it is not only practical, but is also based on 
fundamentally corroi't principles of oducatioh, too often forgotten 
in school and college work. This experiment has been tho subject of 
many newspaper and maga’zino articles ami public addresses, but I. 
believe no account of it Kas appeared so coniprehonsive as^at given 
in the manuscript prepared by Clyde William Park, of tho Umversity 
of Cincinnati. I recommend, therefore, that this manuscript bo pub- 
lished as a biiQotin of tho Bureau of Education. 

Respectfully submitted; 

P. P. Claxton, 


Tho Secretary of the Interior. 


Commissioner. 
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THE COOPERATIVE SYSTEM OF EDUCATION. 


I. THE COOPERATIVE IDEA. 

'Fhe cooperative course of the University of Cincinnati w’as not the 
product of an academic laboratory of pedagogical research: its ori-in 
was rather in an investigation of the actual working conditions^of 
commercial engineering practice. At the time when the coumo was 
conceived, practical men were especially severe in their criticism of 
l^ho ^aduates of engineering coUeges. The c!d . apprentice system 
had broken down under the strain of a complex industrial organi- 
zation, and it seemed that the engineering colleges were making 
but little effective effort to supply the link between theory and 
j^actice. Many teachers of engineering felt that they had done 
theu whole duty when they had taught a traditional body of theory 
and had seen to it that the student retained at least 70 per cent 
of his- book knowledge until after the final examinations. A few 
mstructors conceded the desirability of hitching theory and practice 
side by Bide, but did not believe that such an atrangement was 

The plan usually considered, and frequently followed, for uniting 
practice with theoretical instruction was the installation of school 
sho^. The objections to this plan, however, were so numerous as 
to discourage its general adoption. In the first place, if school 
Mops were to be fully Ulusti^ative of actual practice, fhey would 
have to mclude miniature reproductions of eloctricp/plants, foundries 
structural iron ^orks, machine shops, roilroiidg; construction com- 
pames, chemical mdustries, and all the other vast and compHcated* 
machineiT of the' industrial world. To duplicate aU these plants 
would, of course, be .out of the question; and merely to represent a 
few typical processes would involve such tremendous expense that 
only a few initUutions could afford the luxury. Moreover, even in 
the most heavily endowed colleges there was danger that the pay— 
and hence the quahty— of the teaching force would suffer, becaudb 
of the increased outlay needed for equipment. A further objection 
W school shops lay in the fact that they must inevitably fall behind > 
the tunes in a few. years. To remodel the shops and revise the 
toop (wursM frequenUy euoitgh to keep pace with the swift progress 
^ engineering development would be clearly impracticable. . Neithetij, 


8 


THE COOPEKATIVE SYSTEM OF EDUCATION. 


1,-did It appew feasible to put the school shops on a commercitJ basis 
' and have the professors and students compete with business men 
engaged in actual production. From every angle the school shop 
. . appeared impracticable. Yet it was dear that a well-planned couise 
in the practice of engineering would not only prepare the student 
better for his future work, but would also enable him to retain and 
understand a much larger pffiportion of his theory. 

A solution of this vexing problem came to Prof. Herman Sidineider 
m a curious way. One evening, as ho was walking across the cam- 
pus of an eastern university w'hero ho was teaching, he heard the 
answer in the blast of a Bessemer furnace at a neighboring steel 
plant; Instantly tho idea appealed to him as perfectly simple and 
obvious. Hero was something bettor than any conceivable school 
shop— a milhon-dollor laboratory, with unlimited possibilities for 
illustratmg tho applications of technical theory. In this plant many 
pa^duetes of tlus same college woidd find employment, as othore 
had done bofcro them. Why shoidd they not loam as students to 
translate their book knowdedge into terms of industrial processes ? 

Tho idea was not enthusiastically received by members of the col- 
lep faculty, to whom the plan was suggested. In so fur as they con- 
sidered tho proposition, they wore disposed to look upon cooperation 
between college and industry as impracticable, if not undesirable 
Despite their skepticism, however, Prof. Schneider found his faith 
. growing stronger as he considered more fully tho possibihties of’ the 
plan. All about the college were industrial plants, to which graduates 
woirt for a tWo-year apprentice course upon tho completion of their 
four years of school work. Why not combine tho apprentice couree 
^ and tho school work mto a six-year course ? Then, instead of paying 
the school for shopwerk, thj^udentomuld_lifi.caniing money at the 
same t une that they wgre gpUj^ experience. This would ehable 
t ma^ffoHhyybuhg men to 'attend school who otherwise would he 
exduded. There would bo a selection of men by tests in both theory 
atad practice. Misfits would thus be avoided, and tho best men could 
^ developed for the work to which they wore naturally adapted. 

, The school would become a pure teachuig college, sinft all practical 
/ expononce would be obtained on commercial engineonng work. A 
plan could bo devised to coordinate theory and practice. Tho school 
■ ^ "could have one group of men while the shop had the other, and thus 
mny more students could be accommodated with the sama^ount 
ty-; , ^uipment. The descriptive courses heretofore given- by tho school 
, / wuld bo eliminated and the school time devoted entirely to theory. 

Young men could start at the bottom of practical work and by a' 
fe^^ective proceM arrive upon graduation at positions of responsibility 
p %W« fie’fi of e?gine«ring. The school wotild perform with increased 
^l^cienoy f^ for wh^ it wjs int^ded, imd the shop would* 
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return to its proper but neglected function — the training of men hj^ 
means of a thorough apprentice system. Even a stronger reason was 
found in the influence which the system would undoubtedly have^ 
upon the student's character. For developing industry, loyalty, and 
self-reliance, surely no plan could be devised J^hat would bo more 
effective. Th^ arguments for cooperation seemed unanswerable, 
but the university men wore unwilling to give the plan a trial. 

In striking contr^t to the skepticism and indifference of the col- 
lege teachers was the attitude of a number of practicing engineers, 
who were next consulted. Almost without exception they received ^ 
the idea hospitably and expressed their belief in its feasibility. They 
were also virtufdly unanimous in saying that their own theoretical 
training had meant little to them upon graduation, and that to review 
their theory when they needed it in practice had been a j>ainful and ^ 
discouraging process. Several engineers, including the chief engineer 
and the other officials of a large bridge corporation, volunteered their 
hearty indorsement of thv. coopt^rative plan, both as an educational 
and as a commercial proposition. 

One or two things stood out prominently in these conferences with 
college teachers and with practical men. It was evident that the ^ 
men who trained engineers and the men who used engineers were 
quite as far apart "as they could get, and that it would not be easy to 
bring about an understaRding between them. It was also clear that 
^0 most difficult task w'ould bo to induce the college men to under- 
Uke the educational experiment of cooperation. 


) i! 
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II. THE EXPERIMENTAL PERIOD. 

FIRST CLASS OF COOPERATIVE STUDENTS. 

It was several years before Prof. Schneider found an opportunity to 
test the cooperative plan in actual practice. In the meantime, he 
had been called (in 1903) to the chair of civil engineering at the 
University of Cincinnati. During the first school year (1903-4), the 
retirement of the president precluded the submission of plans for the 
now course. The plan was presented to President Dabney soon after 
his appointment (in 1904), but bfcauso of the pressure of r^ular busi- 
ness he was xmable for some time to consider any changes. In^the 
fall of 1905, President Dabney apy^mj^ the plan and presented it U>\^ 
the board of directors. ^After considenble discussion, the board au- 
thorize the introduction of the cooperative course on a smallscale^- 
to begin with the school year 1906-7. ^ 

While the eucational aspect of the cooperative pb^'^^^under 
^onsid^tion by the uniV^ety authorities, its practiq^ appli^tiou 
to hwl industries was tal^f^ with Bumsroustnanufaotuimii^^ 
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int^deats, foremen, and engmeers in Cincinnati. Most of these men 
showed interest and faith in the scheme as a general proposition; but 
when it came to adopting it as an actual business policy, some wore 
<^aiy of so radical an innovation. Typical of their objections to 
. . accepting cooperative apprentices were the statements that two men 
could not work alternate weeks at one machine, and' that a crowd of 
^ ‘‘rah-rah” boys would disturb the shop organization. The latter ob- 
jection coincided remarkably with the fear which had been expres.sed 
; hy some of the university instructors, that a group of “boiler makers” 
woul(Tdestroy the scholastic atmosphere of an educational institution. 
By the end of a year of persistent interviewing, 12 concerns had 
agreed to try the cooperative system for 9 months — the college year, 
piese offeroti employment to students in electrical and mechan- 
ical engineering course. 

The next problem was to find students who were willing to take tlio 
coUrse. The matriculates who came to enter the regular four-year 
course could not be induced to try the new. plan. One of the require- 
ments adopted at the beginning was that a student who wising to 
enter the cooperative course in September must either spend the 
summer working in the shops or bring a recommendation from a firm 
with' which he had had an equivalent amount of practical work. 
This roquirement discouraged many prospective members of the first 
^ group of Cooperative students, as it has in the case of all subsequent 
• classes. In fact, the 28 young men who were finally enroBod chose 
the cooperative course solely for financial reason^. These students, 
however, did not last long under the strain of the preliminary shop- 
work. Ten hours of manual labor in hot weather and on equal terms 
with ordinary apprentices is a pretty severe test of a young man’s 
v:-’ stamma. On the first of September, when Dean Schneider returned 
from a month’s vacation, he< found that qf the 28 men whom he had 
^ work in July all but 6 or 8 had quit. ..He then hurriedly n*- 
.. crui^ a class of young men who could not present the full 14 aca- 
demio unite required for admission, but who had had some practical 
4^[p^ence and \yho gave evidence of fitness for enginooring work. 
1 ^ One of these students, now eflSciency engineer for the Bell Telephone 
if a Middle-West State, was admitted against the advice of his 

father and over the protests of three high-school principals, who had 
. dismissed him as incorrigible. Notwithstanding their’ rather poor 
iV > »choi»etic records, the members of this first class wore on the whole a 

^up. At least, they knew what their work was to 
f ^ seemed to catch' the spirit of the new course. 

y peculiar requiiements of the cooperative course developed a 

of stnd^t.*^ The “co-op.,” as he was oalledi^ was alert, 
r and mdependeht. Ha was generally^more serious th^‘ the ’ 

“regular** rtudmt, but on oocssiem hd ,disphiyed a sense of humor 
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and a buo]^oy which showed that, though he might be sobered 
by his practical work, he was not at all depressed by it. The dififer- 
ence lay rather in the fact that he had knowm the steadying injSuenoe 
of responsibility. Not only his personal advancement, but also the 
ou^me of an important educational experiment, depended upon 
his success, and the realization of this fact seemed to give him a 
new sense of loyalty to his college and a determination not to disap- 
point those who had trusted him. It was inevitable, of course, 
that the “ co-op." of the early days should he self-conscious.. Ho was 
the center of interest in a great educational clinic, and the knowledge 
that he. was constantly being analyzed, photographed, and written up 
gave him a feehng of aloofness from the rest of the student body. 
This feeling, doubtless, was largely responsible for his class con- 
sciouanoss," for there never was a more clanmsh group than the 
members of the first cooperative class. 

For a time the attitude of the other students was such as to enforce 
this exduaiveness. It is a pleasure, howevpr, to record that the 
old animosity between the two groups of students has disappeared. 
The cooperative students and the others have found that they have a 
great many things in common and no essential differences. The very 
fact that their interests and experiences are in some respects unlike 
has made their association mutually beneficial. Co mmuni ty of in- 
terest, especially in athletic and social activities, has devdoped a 
wholesome university spirit. Evidence of the present solidarity is 
found in the prominent part taken by cooperative students in every 
kind of student activity. A “ co-op.” wm president of the senior class 
in 1015,, the captains of both football and basketball teams are 
“ co-ops/" and in all the musical, social, and other organizations there 
is a laige proportion of cooperative students. In view of recent de- 
velopments, it would be hard for either group to understand that the 
“ostracism of the boiler makers" was once seriously considered. 

^ DETAILS OF THE COURSE. 

At the beginning the cooperative course extended over a period of 
six years, including alternate weeks at the university and in the shop"' 
for each scbool year, and a throe-months period of full-time shopr 
work (excepting two weeks’ vacation) during the summer. £adi 
man had an alternate; so that the shopwork was continued by students 
of one section whito those of the other section were in schiooL Under 
this fUTangement, the theoretical instruction ghren in the regular 
foUTwyear course w^as combined with the practical e3p>erience of a 
newly devised shopapprentit^ course. Theory and practioe were" 
carefully graded and coordinated and the stufient's work waa in 
planned as to familiarise him, first tith the sikpler, and later, with 
^the more oomplez problems oif the|kat in w£ich ha^waa employ«d.i 
^ ' f '■ 
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For example, in the course in electrical engineering, the firet year's 
work was in the foundiy; the next year and a half in the machine 
shop; the next two years in the commutator, controller, winding, 
erecting, and testing departments; and the remaining time in the 
drafting rooms. On the contract, which was signed in triplicate by 
the student, the firm, and the university, was a blank space to be 
filled in with the amount and character of the apprentice wqrk. 
The details of shop and business experience "were left»to the dean and 
the head of a given department on the one hand, and the superin- 
tendent of the factory on the other. 

t ATTITUDE OF THE COOPERATING MANUFACTURERS. 

The attitude of the cooperating manufacturers, and their ideas of 
what was to be gained from the cooperative % 9 tem, may best be 
stated by quoting from a paper presented by Mr. Charles Gingrich, 
M. E., of the Cincimati Milling Machine Co., at the fifteenth aimual ‘ 
meeting of the Society for the Promotion of Engineering Education 
July 3, 1907. Mr. Gingrich said in part: ' 

The i^ulacmrers of my city have tor some time past been face to face with the 
very senoua problem of getting the right land of men. Our industrioe are diversifie<l 
induing machine tool, steam pump, steam engine, and electrical shops The 
maduno-tool industry predominates. We are rapidly becoming known as the chief 
machine-tool manufacturing center of the country, but we need more technicaUy 
teamed men m the further development of this industry. It L* our good fortune to 
have the Umv^ty of Cincinnati centrally located among us. When it proposed to 
us Prof. Schneider’s plan of a cooperative engineering course, the idea appealed at 
once to the buaineas sense of eich individual manufacturer. It promised us an 
immediate supply of boys of a much higher grade than those who take up the regular 
. apprrati<»8hip. .It held out the prospect of our getting within a few years engi- 
neeoBg graduates with practical shop experience. 

We have all tried to give a shop training to young men from the colleges, but i.t is 
never entirely successful. A man who has put in four years of his young manhood 
getting a university education can not get into the shop atmosphere, even if he does 
don overalls and work as a r^lar hand. Such men have passed beyond the age at 
which boys freely ask questions and learn quickly all those little details which are 
such an Important part of the training and experience *f shopmen. They feel that 
^ey can not afford to be laughed at. They do not want to expose their ignorance, 
’^erefore they get at best only a superficial knowledge of what is going on inside the 
«top. I do not mean to imply that our shops are full of secrets, but I do want to 
mnphaaue the fact that they contoin a vast number of things to be learned; that the 
only place to leam them is in the shops; and that the best way to do it is to start 
you^ and take plenty of time. The chief criticiams of modem technical education 
r^t from the fact that wo try to take the shop into the school, whereas we should 
iHing the school into the shop. The cooperative plan does bring the school into 
Uie iuop. 

• ., - COOPERATIVE PLAN. 

the entire f^bility of th<? cooperative course had been . 

there remained the qu^tion of how rapidly 
uhiyer^t^cddld aebtut itself dta an increased enroP*«'^*- 
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a greater number and variety of industries. Plenty of studentfi 
were now willing to enter the course. Over 400 inquiries from pros- 
pective students were received during the first year and a large pro- 
p6rtion of those who inquired made formal application for admission. 
The scholarship records of the new applicants admitted were well 
above the usual requirements for college enti^ce, and some of the 
men who enrolled as first-year cooperative students had spent one ^ 
year or more in academic work at other collies. Many employers 
who had thought favorably of the plan, but had hitherto been rduc- 
tant to introduce it, no longer hesitated to ask for cooperative apprw- 
tices. The number of students who could be admitted, however, 
was limited by the crowded condition of classrooms and laboratories 
at the university and also by the policy of the engineering faculty. 
The acceptance of fewer students was favored, because it would per- 
mit, a more careful selection of men and would afford a better oppor- 
tunity to study the pedagogical and administrative details of the 
course. 

Bytlje end of the first four years of operation, which may be called 
the experimental period, the cooperative plan had been fully vindi- 
cated. It had shown itself to be adapted to a variety of courses, 
including civil, chemical, and metallurgical engineering, and to a 
nmge of industries from railroad construction to ink manufacturing. 

It had survived a panic and the ensuing industrial depression. The 
old theoretical objections, that two men could not alternate success- 
fully at the same, work, and that the ‘4ag’' on Monday mornings 
would be equally prohibitive at school and in the shop were disposed 
of once and for all by the answer that these difficulties were found 
not to exist in practice. If anything, “blue Monday lost some of its 
proverbial languor, since the students came refreshed to each new 
task, with their wits sharpened by a change of surroundings and of 
occupation. 

LESSONS OF THE EXPERIMENTAL PERIOD. 



The experimental period served to teach a number of lessons, which 
suggested changes in the plan and operation of the cooperative course. 
First, the old apprentice course was too rigid to adapt itself readily to 
the varied and changing conditions of commercial production. It 
seemed advisable to abandon the ironclad contract, and modify the 
terms of a student’s omploymont, so as to facilitate his being trans- 
ferred from one kind of Work to another when a change seemed 
desirable. 

Then, in order to keep proper emphasis on the instructional 
phase of la student’s work, it seemed advisable to handle businees 
. questions through a special agency, and thus leave the members of the ^ 
^ faculty free to consider primarily the educational value of the variQUs 
^ kmds of shop eipermnoe. „ 

r. 
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In the further development of coordination between theory and 
practice, there was need for careful selection and systematic analysis 
of the various types of work, in order to obtain for the student the 
greatest pK)ssible amount of educational content from his practical 
experience. 

^ The six-year course seemed to be longer than necessary. By 
extending the alternate weeks of school and shop work through the 
summer tenns, the same amount of theory could be given in five years 
of 11 months as in six 9-month periods. From the standpoint of the 
shops this would be more convenient, since it would do away with the 
necessity of providing summer shopwork for twice the usual number 
of men. 

Although the general scheme of weekly alternation had proved suc- 
cessful, it appeared that two weeks would be a more satisfactory unit 
than one. This was particularly true in the case of railroad work and 
other work outside the city. It was found that the periodic^d read- 
justments were as easy for students who worked on a two-weeks basis 
as for the others. A comparison of the two units showed that, on the 
whole, fortnightly alternation was more desirable for both school and 
shop work. 

A revision of the cmriculum al^ seemed advisable, and seYeral 
chang^ were considered, including the following: Purely descriptive 
material, it was decided, should be eliminated, in order to secure time 
for a deeper study of the fundamentals. Overlapping and closdy 
related coipes should be compared in detail to avoid duplications and 
omissions. ^The itdation between prerequisi^ and advanced courses 
should be emphasized, and deficiencies in a student’s preparation 
should be reported to his instructor in the prerequisite course. Pro- 
vimon should bo made for the recall of grades in case the student 
failed to retain a working knowledge of a preparatory subject. The 
theoretical work of the first three years in all departmenfa should agree 
as neariy as possible, and speciolizatir n should be left to the latter part 
of the coiuse. 

Sffice the combination of school and shop work tends to^i^ the 
rapid elimination of the physically, mentally, and temperamentally 
unfit, ^e cooperative system is in itself selective. In view of the 
inoresfflng number of applications, however, it seemed worth while to 
investigate the, practicability^ a preliminary test that would elimi- 
^te in advance as many ^ possible of the misfits. Accordingly, a 
was b^un to determine a basis of selection thftt would discover 
B; pun's fitness to enter the course and, also, if possible) hk* adapta- 
l^ty for a paiticular class of work. 
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Notwithstanding that the changes in the cooperative course were 
gradual and evolutionary, it is possible to cite a fairly defiiute date 
at which the experimental stage ends and the. now period begins. 
Before the end of the school year 1910-11 the princip^ changee had 
been inaugurated. 

ADAPTABILITY TO VARIOUS KINDS OF BUSINESS. 




The keynote of the reorganized system was adaptability. In the ^ 
industries representoci by the varioiis cooperating firms there was 
variety, change, life. It wOuld not have been possible for these * 
firms to adjiist their operations in accordance with a rigid educa- 
tional system imposed upon them from without; nor woiild it have 
been desirable, oven supposing that the employers had philan- 
thropically offered to surround the cooperative students with excep- 
tionally favorable conditions. To have done this would have been 
to carry over into the indn^atries the imrealities of the school shops; 
whereas, under the cooperative system, it was a fundamenfal' re- 
quirement that the student's practical work should be donA amid 
conditions of actual production. The school planned the courses, I 
shifted the men, and otherwise continued to be the directing head, 
and in administrative details it adjusted itself to engineering prac- 
tice. The reorganization of the course w'as simply a recognition of 
the need for a system that should bo flexible without being desultory, 
and definite without being rigid. 

BUSINESS ORGANIZATION. 


In the administrative department the tld form of conti^t was 
abolished and the only definite agreement made was upon a Tninirmim 
rate of 15 cents an hour for all entering students. The way was 
opened for the immediate transfer of a student who, though unsuc- 
cessful in one branch of engineering practice, seemed worthy of a 
trial in some other department. Despite the fact that the propor- 
tion of misfits had been greatly refluced eac^ year, this increase In 
the freedom with which changes could be made proved to be an 
important advantage. In order that the progress of a student 
might be more closely followed by those directly concerned with his 
school training, the business of making the transfers aad planning a 
student's practicaHvork was turned over to the heads of the civil, 
mochaniciJ, electrical, and other engineering departments. To fac^- 
tate this work and to insure for the students the greatest degree of 
personal attention, each of the professor^ and instructors was assigned 
a special list of shops and a regular schedule for visiting them. 

At the same time that the engineering professors were given full 
responsibility for the adjustment of shop and school work, they, were 
'.mlieved of the business details in the relations betwera studenls an d 
^^^ployers, eommercial paH of the work was placed , entirely, 
bi special field sepretary in the dean's office* 
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duties included opening negotiations with new firms, investigating com- 
plaints from students or emplo^rs, and adjusting wages and working 
condition?. It was also provi^^thi^t though the field secretary 
shoiJd be made all promotions, transfers, substitutions of alternates, ' 
and other changes affecting the employment of cooperative students. 

'the university cooperates with almost 100 firms, representing the 
principal phases of construction, manufacture, and tfansportation. 
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y A partial list of industries reached by the cooperative system indicates 
aomething of the variety of experience whicli can be utilized in this 
way. Among the cooperating firms are four railroads, a traction com- 
pany^ a telephone company, a gas and electric company, rolling mills, 
Btruptural iron works, consulting engineers, city, county, and Federal ^ 
exigineering departments, excavation and building contractors, and 
manufacturers of machine tools, automobil68,elevators,6ngin68, bicycles 
and motorcycles, registers, fim engin<cs^prm1ing machinery, papert 
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THFfc REORGANIZED SYSTEM. 

SHOP SCHEDULE. 

'A comploto list of cooperating firms, students employed, alternates, 
and other shop information is kept in tho faculty room. In the 
typical section of a shop schedule given on page 16, the pairs of names 
under each firm are those of alternating students, who are designated 
as heloi^ing Section I and Section II, respectively. The spaces 


Schedule. “'Shop Visits 
FIRM Sect. I. Sect. Z. 1. 2. , 
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Vour 
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Ourm f-sd-ty 
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marked with a single cross lino indicate that no alternate is provided, 
and that none is desired. The space marked with double cross linos 
indicates that an alternate is wanted. Detachable cards are used, in 
order that the list may be easily revised and kept up to date. ; 


r , SHOP VISITS. 

The above schedule from the current records is typical of the shop 
visits made by various instructors in the technical departments. 
>Theee visits are made at regular Intervals on an established sohedulet 
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^% V 18 THE COOPERATIVE SYSTEM OP EB0CATION. 

COOri^akTION OF SCHOOL AND SHOPWORK. 



S?u>p records . — With provision thus made for handling the business 
. problems of the course, the work of the department of coordination, 
instead of dealmg, as at first, with commercial problems, was developed 
from a purely pedagogical standpoint. The department became a 
clearing hojise for the practical applications of engineering theoiy 
• and for the shop records of individual students. These records, kept 
on cards designed for the purpose, are filled out every two weeks, and 
' ® graphical sununary of the data from the cards is made each semester. 
Examples of shop ^cords for the short and the long periods are given 
below. By reference to the statements of experience, the department 
of (xwrdination checks the thoroughness of a student’s practical 
training and of his collateral instruction. 

At the beginning of each school period the student enters on the 
semester card his experience for the shop period (two weeks) just 
- closed. 

WORK RECORD CARD. 



NAME. p. rr CLA.IS Of SCHOOL TEAR 

ISxnnt, U. Stanley 1915 . | endwo AUGUST, 19I5. 

SEMESTER I. 

FIRM. 

Cinrinrui/i Milling Machine Co. 

,WEKK 

iNDma 

nocTta 

WORKED. 

norR.ti 

lost. 

DKP’T. 

•NATURE OF WORK DONE. 

V ’ 

SepL 19 

m 

0 

Off. 

Eotimating milHnff optrationo,' 



Oct, 10 

m 

0 






m 

0 






Nov, 7 


0 

* 

n II 



" H 

m 

0 





Doc. S 

' 40 ^ 

P’ri. 

Plan. 

Time itudjf «rork — ifiVinfi mcckine. 



“ 19 

m 

0 


•1 II II II ,, 



Jan. 9 

4H 

0 

» 

** *1 U II U 



» g 

m 

0 

II 

« It It M II 



90 

m 

0 

a 

Workhtfi up thne-atudf eurveo. 


' ■ . 

TOTAL. 

490 

9 

DEOMt.if. E.l EKTEEBD BEft., IWO I WAGES /. 19U. RATE M. 






RAISED ^0V. U, 1914, RATE .$4. 




On the sheet marked “Record of Cooperative Work’’ the record^ 
from each man’s semester cards are compiled in a statement which, 
whm completed, shows graphically his practical experience for the 
entire five years. The chief types of work are listed on different 
^eets,. headed M. E., C. E., and so on, for the several departments. 
As shown in thp record below, provision is also made for the statement 
a man’s previous experience and of bis wages thrdughgut the course.^ 




I 

II 

m 

IV 

V 
VT 

VII 

VIII 

IX 

X 


COOPERATH’^E EMPLOYERR 

ami. j/m. Mock. Cb. 


COOVEUATIVE WORK. 
(i)tPT. or u. c.) 


1. Office: Sales dept 

3. Cost dept 

3. Stock dept .. 

4 . Estimating; mill, op . 

6. Planning dept 


8. 

9. 

10 . 

11 . 

12. 

13. 

14. 
13. 
16. 
17. 

15. 

19. 

20 . 
21 . 
22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 
-38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 
43. 
49. 
60. 
.M. 
52. 
63. 

54. 

55. 
66 . 
67. 

58. 

59. 

60. 
61. 
62. 

63. 

64. 
M. 
66 


Itralting room: Ccn‘1 design 

Tool and Jig design 

Detailing 

Tracing 

Uachine shop: Hisc. viork. 

Experimental work 

Pie makiTic 

Tool and Jig making 

Testing finished mnchiniv 

Floor av^emhling 

Floor re;mir 

Mlsc. floor work 

\ ise and bench work . . 

Reamer bench.. 

Lathe, ongine . 

I^rhe, t urret 

Screw mach., auto , 

Screw raach., hand 

(Irintler 

Cutter grinder 

Planer 

Shaper 

Boring mil! , 

Gear cutter 

Milling machine 

Thread miller 

Key seatnr ... 

Radial drill 

Upright drill 

TooUroom attendant 

Timekeeper . . 

lasperting ports 

Millwright w'ork ... 

Polishing lathe 


yOKM 


Nami| 


Recorc 
vlo 


Proliat 


nRM I 

NUMBE 


Hardening dept 

Forge shop 

Boiler shop 

Sheet-metal shop 

Stnictiiml steel shop . 

Garagt* 

Car l«m 


Rotiiidhonse . 


Power plant: Gen’l rep 

Oiler 

Fireman 

Pipe fitting 


Pattern shop 

Foundry: Iron; st.: br 

Molding: Fl.;*bch 

Machine molding 

Cupola 


RectHd of 
wages recel\-ed: 



Cents per hour. 


DoHars per week. 


Vor a detaUed Moount o( work during i 



“ No.7». record op cooperative work.' 

UKiVKRaiTY OF CINCINNATI, 
DEPARTireNT OF MRCHAKICAL BNOINEERINO 
. me : Btnnt, H, Stanley Diqrkb: M, E. Class op 1915 
~ rSATiJKi or Wore 


crord of ftDv prft- 

TiO!M WOTK. 


\^inni IfUling Co.~ 


1910 


1911 


I 


i General tr ori orourni jlouT mfU. 


Dipt, or U. E. 

Rmi6k»t. I • 
^on*Rm I 


I No. Moa. 
ti 


Y«tf two, 

laii' ■ 


T 


three. 

1913 


_Y«ar four. 


I five. 

"r l^KS* 
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Insirudicm sheets. — A later undertaking by the department of 
coordination was an analysis of shop practice and the formulation 
of a set of instructions for each type of work. Appendix B contaiM 
excerpts from typical sets of instructions. Syllabi of this kind have 
been '“prepared for the principal t 3 rpes of work done by students, and 
additional sets of instructions are made out from time to time as 
they are needed. 

Since the educational value of a machine or a piece of work is. 
proportional to its complexity, or the amoimt of thought that has 
gone into it, the syllabi naturally vary in length and in disciplinary 
importance. It would be incorrect, however, to assume that the 
student may profitably spend upon each type of work only the 
amount of time required to master a set of instructions and problems 
dealing with a particular machine. It is often found worth while 
for him to remain longer, in order to be^ppe familirfi* with the arrange- 
ment and operation of the departmen^n which his special work is* 
incluSed. llius, because he can study the surrounding machinery, 
a student may be justified in operating a drill press longer than would 
be necessary for him to learn its simple mechanism. In a foundry 
his training. need not be restricted to molding, core making, and 
pattern making. From the patterns and castings he will leam much 
about machine design, and he will nafurally receive many ideas con- 
cerning foimdry management. Timekeeping, inspecting, and other 
kinds of work which in themselves are comparatively simple may 
likewise’ afford such opportunities for observation as to make them 
very desirable from the standpoinf of practical instruction and co- 
ordination. In all coordination outlines, emphasis is placed upon 
the incidental training which accompanies the various types of work. 

Special kinds of work arise from time to time which con not be 
anticipated by any syllabus, but which may have greater instructional 
value than the regular tasks. For example, during the Ohio floods 
of 1913 some of the students in the civil engineering department 
suddenly found themselves face to face with problems and responsi- 
bilities far beyond their experience. They “made good,^^-an(i inci- 
dentally learned many important things about railroad construction. , 
At this time a similar opportimity came to the senior class in electrical 
en^neering. The lighting system at^amilton, Ohio, had been com- 
pletely disorganized, and much of the equipment had been badly 
damaged by the flood. The students spent a week making repairs 
ancL of course, worki^ out the solutioij^or many practical problems 
in electrical engineering. 

Insfcctien fripa. — Apart from the, varied forms of shop experience, 
an opportunity 'to leam by obseiVation is provided by the inspection 
trips, which are made by all students during tne school periods* 
^^ese visits to representative engineering iixdustries ;afe^^ ptirefully. 
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;^lanned and graded with reference to the student’s course and his 
progress. During the first year the trips include only the larger and 
more general phases of industry, and are made under the direction^ 
of the department of coordination. A typical hst of plants visited 
in the first year is as follows: 

1. Tlic Cincinnati Water Works (pumping and filtration plants). 

2. The Andrews ‘^teel Co. (rolling mills). 

3. The Jarecki Chemical Co. (sulphuric acid, commercial fertilizers, 
and alum). 

4. The Hopple Street Viaduct (under construction). 

5. The Cincinnati Milling Machine Co. (machine tools). 

6. The Bullock Electrical Co. (electricnl machinery). 

Each trip is preceded by lectures on the type of plant to be visited, 
its layout, and its special engineering features. Wlierever possible 
the trip is brought into relation with the student’s regular class work. 

. For example, the visit to the Jarecki Chemical Co.’s plant is made ui 
connection with the discussion of the manufacture of sulphuric acid 
in the class in chemistry. A report of from 5 to 10 pages, including 
a sketch, is required of each student. All reports are written under 
the joint direction of the department of Eugfish and the teclmical 
department concerned.* The inspection trips made by upper- 
class men differ mainly ui that they deal with more specific phases 
of industry, and that they are in charge of the several engineering 
departments. 

Production engineering . — ^In the last two years of the course, special 
work is given in production engineering. A study is made of such 
phases- of industry as management, routing o/ work, cost systems, 
location, oiganization, and operation of factories, contracts, specifica- 
tions, and wage systems. In this course, which is given By the de- ' 
partment of coordination, the student’s experience during the first 
three, years is utilized in giving him standards and methods of 
management. 

REVISION OF THE COURSE. 




Length auA distrihution of time . — While the vanous changes wore 
under way in the shopwork and in coordination, the courses in theory 
were undergoing a corresponding reorganization. The change from 
a six-year to Afive-year plan involved a consideration of the time 
which shotild be allotted to each subject, and this in turn raised the 
fundamental question of what the subject was intended to accom- 
plish. In other' words, why was it included in preference to other 
studio not in the curriculum 1 To satisfy themselves on this point, 
ina^ctors began to analyze their courses and test the value of the 
subject matter in a scheme of engineering education. This analysis 


.itm 
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resulted in the elimination of a great deal of superfluous desc 
material and in a new emphasis on the fundamentals. 

Cfuinges in the cuiriculum . — -Fiuther criticism of the different courses 
was carried on by the faculty as a whole. In the woo> Iv meetings an 
investigation was mado of the object of each branch ol tudy and of 
its relation to other subjects and to the entire engineering course. 
Reports of committees wore followed by general discussion, with the 
result that every part of the curriculum which had no demonstrable 
value was omitted, new material was introduced, and the more im- 
portant parts wore strengthened. The ground was staked off. anew, 
and many cases, both of overlapping and of deficiency, were remedied. 

In order to chock the related portions of proroquisito and advanced 
courses, the following form was <lesignod for reporting doficioncios: 


N ame . . 


• J. E. Jones. l)aUi 


To Dept, of Math., from Dept. E. E. 

Deficienciea: Vyuible to perform iniegralioix to ohtam average and effective 
e. m.f. for a sine wave. 


Remarks: A discussion of average values by means of integrals would he of 
service to this department. 


Course E. E. 

of Instructor. 


The significance of this report depends naturally xipon whether it 
represents an individual case or that of a number of students.' If 
the former, it provides a reason for invoking the provisional credit 
nilo — that is, to require the student to review the prerequisite subject. 
If the latter, it indicates to tho instructor the need of greater em- 
phasis on the mathematical process jn which tho deficiency is found 
to exist. In any caso, it fixes thti' responsibility for tho failure of 
fitudouts to have a working knowledge of proroquisito subjects. 

•*^Tho data collected during the at\alysis of coxirses were later brought 
together, and a uniform outline was adopted for tho presentation of 
tho object, method, and ihattor of oach course, Tho outline given 
bolow is typical. 

sT 
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In the outline of the courses in chemistry which follows, the objects 
given in the first column are those agreed upon as common to all the 
courses, though in different cases the objects may vary in relative 
importance. For example, No .- 4 , which is the main object in English 
courses, is secondary in a course in chemistry. I^ethods differ more 
widely than objects, and manifestly subject matter is or should be 
entirely different in the various courses. In fact, one of the main 
reasons for making so extensive a survey of the curriculum was to 
avoid duplication of subject matter. 

SYLJ-ABXJ8 OF COITRSK IN CHEMISTRY. 


Object. 


To liAVK TRK 9TVHENT 
' acquire: 

1. The fuodamentali of the 
given subjeot. 


X A compr^enitlon of the 
eoientlftc method as ex* 
emplifledln — (a) accurate 
obettvatloa; (0) claasIRca* 
tlon and correlatloti; (c) 
logical reasQoing. 


X Ifental self-reliance and 
Initiative: i. e., the abtlfty 
to j^yie a sdentlfic 
problem and devise means 
of eolation. 


4. Habits of neatness In stu- 
dent% wq^k, and dear, 
oonetse, Accurate expres- 
lion, both oral and wi^en. 


A The oonnectlon of the 
gtvea subject with the 
other subjncts in tbs cur- 
ricalam and with the pro- 
feesloQ of eogineering. 


Method. 


1. T^ecturesexperlmentailvlIInstrated, 
covering fundamental theories end 
laws, and the properties of the prlod- 
pal metals ana non metals, especially 
those of Industrial interest; occn- 
sfonal recitations with oral and writ- 
ten quJteee; experimentation In the 
lalvoratory to parallel the lecture 
course. 

2. Hetalled study of groups of elements 
(e, V., the halogens the alkali metals), 
leading to obsenration of similarities 
in properties, and^bsequent olassl- 
ncatlon I ntogroups; simple problems 
permitting formulation of hypoth- 
eses and establishment of truth or 
falsity of these by ex pMment; enun- 
ciation of laws ^ter examination of 
particular cases. 

3. I^roblem work introduced eeriy Into 
the course and ^ven increasing 
prominence until the summer term, 
when It is pursued exclusively; sim- 
ple problems in synthesis and analy- 
sis assigned or suggested by student 
who proposes the method of attack: 
doen all necessary library reading 
bnd carries to completion a proem of 
chemical maoubeturo—for exaomle, 
malUng a pound of baking po^er; 
Instructor assumea rOte of critic and 
Intarfares as little as-possible nith 
course of work. 

i. Written work, In order to.be tc- 
cepted, must meet a prescrlt>eil stand ■ 
srd of exceJlMjce; faulty oral expres- 
sion corrected, ^ 


5. Constant chelation of subject of 
^ lectures with practical en^neerlng; 
e. g,, oxidation in connection with 
generation of powet (combustion of 
coal). 


Matter. 


’ Not essentially dllTorent from 
subject matter given In good texts 
on general chemistry, except that 
practical applications of ^emls- 
try are emphasised; oecurrenoe, 
propwrtles, and uses of the princi- 
pal metals and noametals; prop- 
erties useful for identlflratJon; 
fundamental theories and laws. 

2, Asunder 1.. 


3, Individual problems In synthe- 
sis and analysis of commerrlaJIy 
valual)te products; ores— identb 
ficstlon, Taluatlon, and sube^ 
quent working up for usMul pr(^' 
bets— e, g., euum from bauxite 
salts of Iron, copper, barium, etc. 
from their ores; products ii 
luboratory; blue print papers 
boiler water, soaps, baking now 
deiv driers, pamts, cool, mka 
fond:*, etc. 


4, Instruction Jn the writing o4 re- ■■ 
porta and In the arrangement of 
chemical data; models, speclflca- 
tions, and criticism; given In con- 
nection with the department of 
En^ish. 

IV. Tllustrallve material tor lectures 
and problems; refers larg^y to 
local Industries In which the prin- 
ciples under discussion are prac- 
tically applied. 


Because of the ntunerous changes in distributing and handling the 
^bjectfi themselvee, the reorganization made a much greater change 
in the cooperative^ course than is suggested by a comparison, of curri- 
in the earlier and later periods. Omission of certain details, and 
a change of emphasis on otherSf constituted the principal features of. 
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the reorganization. Purely dKcriptive courses were disoontimied, 
and the des^ptive matter in all'the courses was reduced to a mini*- 
mum. Much of this material Was assigned as incidental reading, to 
be done during the two weeks when the student was in the shop. In 
keeping with the imderlying theory of the cooperative course, advan- 
tage was taken of the reality of first-hand Imowledga as against a 
merely bookish approach. A student who has worked on a lathe, 
who has drawn it and has explained its construction and operation 
before% class, requires less reading ahd certainly less textbook study 
in order to understand the subject than a dtudent who has pnly a 
theoretical knowledge. 

By reducing the amount of time given to informational studies, it 
was possible to give more attention to fundamental subjects than 
could be given, in the regular four-year course. This, too, w&s ^ 
accordance with one of the principal tenets of coopen^tive education — 
that the school is primarily a t^dhing institution, designed to give 
training that can not easily be obtained through any other agency, ^ 

XBCHAKICAL EKaiNEBBINGK-COOPEBATIVE PUIH.* 

COURSES REQUIRED FOR THE DEGREE OF U. E. 


Subject. 


ns^rr war. 


Algebra and trljronomclry 

Analytical geometrr 

QeSeral Inorganic chemLHtry 

General inorganic chemistry laboratory. 

Uaehine drawing 

DeecripUve geometry 

Coordination 

Btomeota otengloeerlog 




ran nwMtR trim. 


EJamaotaoreiutiieerlng 

I tn industrial obemiatry . 


Probtomat 
Daaoriptivd geometry. . 
Eogliah... 


BEOOUD TKJLR. 


Differential and tntegral oalcoloa . 

Phyidoe (cmeral) 

BmerlnMital phyaioi 

iwSlurgy 

ICetaUuiRT. laboratory 

ttngtlah y * 

CoardtDotkn 

TCngtiA 


* CBOoirD.vuiDixa ftmM 

Hiahaiilm 

Dfiviag aadokateli^ 

llinhMuml laboratory 


H.B6 

M.B.7, 

M. B.ia 

K 0 f. 4 S 

t'Ertmol from oiUtogDe ot the Pnlnway otCtnntiimU, 


Coone. 


TBRaUMAN. 


Hath, 1 

Ch. E. la, 3b. 
Ch. £.aa, 4b.. 

M. K. 1 

C. E. 1 

C. 1 

M. E.4 

Eng. 41 


M. K.4..... 


Eng. 41. 


Math. 5 

Phyaica la, 3Ib 

Phyaios 3a, 33b.... 
^Met. E. U. 



Eng. Ik 


Enrdaeaper 
attentate ^ 

wMkly parted. 


laem. 


ni 


I 
f 
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THE COOPEamVE SYSTEM OF EDUCATION. 

COURSES REQUIRED FOR THE DKf?RBE OF U. E. -Continual. 


Subject. 


THIRD TSA.R. 


liKthenntlcs 

Steam u^neerlnc 

Physic*. uboratoiT 

Strength ol u&tcruUs 

ICeobanics* 

ICeobanlcal laboratory 

Powor>plaot InspecU^ tripe. . 

ICodem languseu 

EnjUsh.TTTT.... 


THIEO SUUMCB TXRlf. 


' Electrical englneeriag. . 

Graphics 

Steam enetneeriiig 

English. 


rOtTBTH TKAB. 


Ifodem longuege 

Machine design 

IbchlnedeRt^ 

Electrical machinery . . 
Electrical laboratory. . . 

'Coordination 

Hydraulic machinery. . 




rOtTBTB 8UUMKB TRBU. 


Engineering design 

EzperlmeDtal engineering. 




FITTH TZAR. 


Qae engineering 

Uachmwop toots 

SxpeHmantel engineering . 

Eoanomics 

Thennodpamlea 

EnglneenDg design 

Prodnotkm engln^lng. . . . 

Theais 

EngUeh. 


Course. 


Math 

M. E. n 

Physics !3.... 
Ap, Math. 2. . 
Ap. Math. 1.. 

M. E. 18 

M. E. 16.' .... 


Eng. 43. 


M. E. 17. 
M. E. 11.. 
Eng. 43 . . 


U. E. 13 

M. E. 14, 19. 
E. E. 1,9... 
E. E. 6 


C.8. 

M. E. 27.. 
Eng. 44 . . 


M E. 28-. 
M. E. 26-. 
Eng. 44 . . 


M E. 23.. 
M. E. 15.. 
M. E. 25.. 


Si 

C.9. 


Eng. 46. 


^ercisas per 
^Ate^te bi- 
weekly period. 


I sem. n sem. 


The change of emphasis brought about by the reorganisation was 
, reflected chiefly in the insistence upon fundamentals common to all 
branches of engmeering and in the stress placed upon the connection 
between affiliated subjects. The first three years of civil, mechanical, 
electrical, and other engineering courses were made essentially the 
.same in th^iy. Thus, if a student discovered during the first three 
years of practical experience that he was better suited to a different 
kind of work, he could easily change his course; for, so far, he would 
have been studying simply er^neering. On the other hand, if he 
'Showed sufficient aptitude in one branch of engineering to succeed in 
three years of practical work, he had earned the right to specialize 
* in the theoiy of that branch during the last two years of his course, 
b' question of establishing close relations and effective cooper* 

Elation bei^ e^Sliated. departments was hugely w administratiye 
0^ Motion has alr^y been imde of the conn^tion which was ^ 
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way, it was foiind that several pairs of courses could be made to work 
together.' For example, in part of the work English composition 
instead of being given as an entirely separate course was connected 
with courses in coordination, chemistry, mechamcal, electrical, and 
metallurgical laboratory, and other courses, in which written work 
was required.' Since it was in these courses that the principles of 
composition were bemg appUed, this arrangement provided numerous 
subjects for practical themes and at the same tune insured more 
satisfactory writing in the technical course. The double check upon 
subject matter and composition resulted in a marked improvement 
in all written work. Similar forms of what may be called internal 
cooperation were worked out between other departments in which 
reciprocal relations of the sort proved advantageous. Because of 
the compactness of the faculty organization and the spirit of cooper- 
ation between instructors, the personal equation has affected these 
combination courses only in the most favorable way . 

SELECTION OF MEN. 

Becaiise the selection of meum is one of* the essential elements o^^S 
cooperative course, investigations were carried on from the bt^iu^^p- 
in order to discover a possible means of determining in advance the 
fitness of a student for a particular type of work. The various 
methods examined, and the results, are given in a lecture delivered by 
Dean Schneider to the students of the New York Edison Co.’s Com- 
mercial School, January 20, 1915. The following extracts serve to 
indiiLte the way in which the problem of selection was approached. 
The only conclusions which were at all satisfactory were reached by 
the old-fashioned plan of trying a man on the job, combined with 
an analysis of successes and failures, in terms of the major character^ 
istics of the inen and the chief requirements of the jobs. To quote 
from the lecture: 

■\Ve fmind that different methods were propoaed and that certain principles were 
held, to be Uue which had a bearing on the subject. Our investigation was then 
directed to learning upon wliich of these methods we could rely and what usable 
conclusions could be drawn from accepted principles. We found the following pro- 
poeed methods and princdples: 

1. A chart of boy epochs indicated that at least a certain group of psychologists 

and philoeophere hold to a theory that a boy from infaitty to about the ags 

of 21 years reproduces in periods the history of the human race. 

2. A group in the scientific mahagemont field affirmed that an examination of 

- physical characteristics, such -as the shape of the fingers and shape of the 

head, diecloaed aptitudes and abilities. 

' S. A school of experimental psychologists assorted that the methods of theb science 

indicated chamcteristics or aptitudes of individuals. 

4. There was also the old-fashioned plan of trying a man on the job without.any 
previous examination of any kind. ~ ‘ 
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Of these methods, the first was interesting, especially as an analysis 
of a student's actions, but it offered no practical test for the selection 
of men. The second found upon examination to be undesirable. 
The third was made the subject of a series of tests, in which upper-’ 
class men were examined, and the deductions of experimental psychol- 
ogy were compared with the ^own abilities of the students. The 
results of this investigation showed that the psychological, rnethod is 
not yet trustworthy as a basis for vocational guidance. 

, The careful examination of many cases under thfe fourth method, 
together with an analysis of work in general, rcvetded the following 
facts: * ' 

THB MAJOR CHARACTERISTICS. 

(а) In many occupations physical strength is an essential ; for example, in draying, 
Btone masonry, and baggage handling. In others it is not; for example, in book- 
keeping, telephone installing, and^ piano timing. Mankind ranges from the almost 
helpless cripple to the physical giant. We therefore have the two characteristics, 
physical strength and physical weakness. 

(б) I have in-mind .a number of our students who were utter failures at all kinds 
of work requiring manual dexterity, but who maintained uniformly good grades in 
all their school work. Their efficiency was all hea*d efficiency. There have been a 
m^ber also who were hopeless in all their university work, but whpae hands acjiuirod 
6kill easily. Their efficiency was all hand Efficiency, 

The first type might make good designers, inspectors, executives, <m writers, but, 
unlike the second type, would drag out hopeless existences m mac h mists, molders, 
masons, or piano makers. Of course most of our students possess both efficiencies. 
Our experience has taught us that some men are mental and some are manual, while 
some are both. 

(c) There is a type of man who wants to get on the same car every morning, get 
off at the same comer, go to the same shop, ring up at tlie same clock, stow his lunch 
in the same locker, go to thefsame machine, and do the aime class of work day after 
day. Another type of man would go crazy under this routine; he wants to move 
about, meet new people, and see and do new things. The first is settled; the second 
is roving. The first might make a good man fgif a shop manufaduring a standard 
product; the second might make a good railroad man or a good outdoor carpenter, 

(d) There are two broad characteristics which are easily discoverable even in first 
interviews, ^he indoor and the outdIpF. When a blizzard is raging, the first tyi>o 
likes to hear the roar of the wind because it heightens his sense of protection indoors 
and emphasixea the coziuess of his fireplace, while the other wants to go out and fight 

. his way against the storm. When the rigors of outdoor railroad and construction 
work ^e vividly pictured to theee two types of young men, one’s eyes will light up 
and his muscles get tense; the other will compact himself as if for shelter. 

(«) We have found two characteristics which are quickly brought out in practical 
• work, but which are not so easily discernible in school work. Some young men 
natundly assume responsibility; others just as naturally evade it. It is a well- 
known fact to an superintendents that the most productive workmen often make* 
Inefficient foremen, while an inferior producer often makes a good fcjemaa. One 
mah is directive, the other is dependent. ^ 

"(/) There are two characteristics which are sometimee confused wfth those just 
/ iU^, but^which are easentTially distinct. For example, wo had two students in a 
^^ ahop working in the planning department; one aras fertUe in suggestions, 
t other omially put them into effect. The first wps ariginal; the second was 
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The man who ia original may make a good deaigner, but imlees he is also directive 
he makes a poor superintendent; he may be a good window dresser, but not a 
department -store manager, a writer but not a publisher, an inventor but not a manu- 
facturer, a reformer but not a mayor, A partnership in which one man is directive * 
and another original is usually eucceeeful. Of course, one person may poasees both 
characteristics. 

Then there is the man who does only what he is told to do and 'exactly as be is 
told to do it. He is imitative. He would dress every window like every other 
window. He might make a successful milk- wagon driver, since he would have a 
fixed route and a bottle of uniform sizeXo deliver; but he would probably make an 
indifferent drayman, since he would not liavc a fixed route, and Originality (or 
ingenuity) would be needed to load and unload unwieldy boxes and barrels imder 
adverse conditions. He might make a good machine molder, but not a good floor 
molder; he would probably be successful and happy at a punch press, but not in a 
tool room. 

(jr) Then there are the two types mentioned before, one of yhicb likes to hiss with 
an intricate bit of mechanism, while the other wants the task of big dimensions — 
the watchmaker, the engraver, the inlayer, the painter of miniatures, on the one 
"hand ; the bridge builder, the steel-mill worker, the train dispatcher, the circus man 
on the other. One has small scope; the other largo scope. 

{h) Some men can easily adapt themselves to any environment, while others act 
tho same under almost any circumstances. One takes the local color like a chameleon; 
the other is always the same monochrome. One is adaptable, the other self-centered; 
one a salesman, the other a statistician. 

(t) There is a distinct typo which thinks and then does, in contrast to which there 
is the type which does and then thinks. One is deliberate, the other impuUive. 
The northern racos are usually deliberate, tho southera impulsive; one controls its 
passions, the other is frequently controlled by them. An army of cool-headed officers 
and hot-headed soldiers is a highly effective machine, but in the civilian walks of 
life, the impulsive characteristic is negative, that is to say, there seems to be no 
occupation in which it is a r^uisite. There are many vocations, however, in which 
* a man must be deliberate. 

{j) Our coo^ration with a piano-building factory made it necessary to secure men 
who had a native musical ability — a strong tonal sense. It was found that this was a 
requisite for success in the higher positions ; hence, the music sense is included in the 
list ^\’cn below. Obviously the music sense is necessary to tl^ musician, to the violin 
makpr, and to the piano tuner. It should bo noted in passing that this is only one 
of the characteristics needed for the violin maker. He must also be settled, m a nu al l y 
accurate, and “indoor.” But the piano tuner must be roving. 

(t) Similarly our cooperation with the chemical industries, particularly the ink 
and paint industries, showed us the necessity of selecting men who possessed strongly 
the basic characteristic of color sense. It is obvious that this characteristic is neceasa^ 
also in other occupations, such as house furnishing, window dressing, p ain ti n g and 
decorating, and theatrical staging. 

(i) We learn quickly that some men have manual accuracy and others manual 
inaccuracy. Where manual inaccuracy is inherent it is well-nigh impossible to 
correct it; but where accuracy ia inherent and the man is inaccurate through habit, 
the defect can bo remedied. 

(m) Similarly wo have the two elements — mental accuracy and mental inaccuracy. 

Tho former has mucl^the same meaning as the word logical, and the latter as the word 
illogical. ^ 

(n) Certain men are concentxatlve mentally; they bring aU the light they pooMS 
. " to focus on the subject under conaidMation; they are mentally centripetal. On the 

, other bonii^ we find liien who are mentally <^hifugal,aad who wander firom the inject , . 


MfloderMum or Dit.ttoupt to an 


ou^r; mnuf 


80 


■ . l 

THE COOPEKATIVE SYSTEM OP EDUCATION, 


(o) Some men go to pieces in an emergency, whereas, if they were given time to 
consider the sitimtion, they would hold together and act wisely. They {xtaaeas slow 
mental coordination. The emergency man must poeeess rapid mental coordination. 
The latter is necessary (or success in the baseball player, the locomotive engineer, 
the motorman, and the surgeon. The former is usually typical of the philoeopher, 
the jurist, and the research scientist. 

(p) Ono often hears it said of a man that ho has no push, or that ho lacks determi- 
nation, backbone, grit, sand; other men arc said to possess these qualities. The first 
we call static, which means to cause to stand still, and the second dynamic, which 
means to cause to move. ]t,should bo noted that tho noisy man is not always a 
dynamic man — on the contrary, he is frequently static; while the quiet man is very 
frequently d>Tiamir, 

The list then reads: 


(a) Physical strength 

(i) Deliberate ^ 

Physical weakness 

Impulsive 

(6) Mental 

( j) Music sense 

Manual 

(i*) Color sense 

(c) Settle<l 

(/) Manual accuracy 

Roving 

Manual inaccuracy 

(d) Indoor 

(m) Mental accuracy (logic) 

Outdoor 

Mental inaccuracy 

{e) Directive 

(n) Concentration (mental focus) 

Dj^bdent 

Diffusion 

(f) O^Bal (creative) 

(o) Rapid mental coordination 

Irfflwive 

Slow mental coordination 

(^) Small scope * 

(p) Dynamic 

Large scope 

Static 

(fi) Adaptable . 


Self-centcre<l | 





The method is not scientific in the usual sense of the word; its principal virtue is 
that it works every day better than any other system we have investigated. It is 
unscientific because it rests on the judgments of men, and, as wo know, mental 
standards vary; but it should 'bo noted that the facts upon which the judgment is 
predicated are beyond question, since a student's efficiency in practical work is 
determinable. 

Now, a job can usually bo defined broadly by the major characterislics needed for 
success on it. Thus a bridge-erection job needs an outdoor, roving, directive, original, 
dynamic man; a punch-press job needs an indoor, settled, do{>endont, imitative, 
static man. If $ student is successful on a job, it is assumed ho possesses the character 
istacs which the job requires; if he is not, an analysis is made to ascertain which of 
the characteristics he lacks, and it is concluded that ho probably has the opposites 
of the lacking ones. So in time over a range of jobs, a student shows certain charactor- 
isdea and a lack of certain others. Upon a knowledge of him obtained in this way 
we safely V^strantee" upper classmen for more responsible jobs. Tho method is 
crude* but it is the best we have found. 

The conclusiops so far drawn from our experience with about one thousand mature 
■tttdenta in school work and practical work are as follows: 

h A worker's failure is us significant as his succeee, and should bo analyzed to 
indicate a new and fitting job. 

2. The characteristics developed by analysis of many successes and failures furnish 
a for placement which works better than any plan we know. 

^3. The me^od is crude and unscientific; it requires a period of time much greater 


'^0 - llum oUw but it inpuxee a reliable verdict. 
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NECESSITY FOR CHANGES IN THE COOPERATIVE COURSE. 

The changes noted in this section include the principal develop- 
ments which have thus far been made in the cooperative course in 
engineering. Because of their gradual growth and the tests whifh 
have been given them since their adoption, it is probable that most 
of these changes w'ill stand. No one will contend, however — ^least 
of all, those who are responsible for the course— that these develop- 
ments represent perfection, ft is to bo e.xpected that engineering 
courses in all coUegas will have to be revised from time to time in order 
to meet the demands of a growing profession. Besides having its 
part in this and other general phases of educational progress, the 
cooperative course is subject to amendment for rea.sons peculiar to 
its nature. An educational system that is organic enough and human 
enough to maintain a vital connection with industry must of necessity 
grow and change. However firmly established the general prin- 
ciples of the system may be, the actual operation of the course, 
linked as it is with conditions of hfe and work, will continue to open 
up new problems and new possibilities. 

IV. OTHER APPLICATIONS OF, THE COOPERATIVE PLAN. 

Although the college of engineering at the University of Cincinnati 
has furnished the most conspicuous example of cooperative education, 
it is by no moans the only school, or tlio-only type or grade of school^ 
in wljich the plan has proved successful. The validity of the general 
principle has boon established by the e.xperience of a dozen or more 
institutions, including both engineering colleges and secondary 
schools, which hav’O adopted some form of cooperation. Much 
discussion has been carried on, relative to the extension of the 
cooperative plan to other branches of education, and it is safe to 
predict that before long several important experiments in this direc- 
tion will bo undertaken. This is not the place for a detailed descrip- 
tion of cooperativo. courses in other institutions, though an account 
of ihe system is hardly complete without some reference to the 
various fields of education to wliich cooperation has been or may be 
extenueu. But first, by way of recapitulation, it will be well to 
summarize the chief attributes of the term “cooperative education” 
as it has been used in this bulletin. 


DEFINITION OF COOPERATIVE EDUCATION. 

By “cooperative system” is meant the coordination of tfieoretical 
and practical training in a progressive educational program. Since 
the agency which furnishes the practical experience is always some 
branch of actual industry, the reciprocal relation between school 
shop pemute the fullest possible utilization|vf(m‘ educational 
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plupo808,,of equipment used in commercial production. Obviously, 
the arrangement of alternating periods is a mere administrative 
detul. From the employer's point of view, the most important 
elements of the cooperative plan are: First, the selection of workers; 
y and, second, the awakening of an enlightened interest in their work 
through coordinated instruction. 

From the standpoint of the school and the student, the most 
important feature of cooperative education is the rm^zAtion of 
theory through its practical applications. In a very literal sense the 
studies in the curriculum become ''applied subjects." In the use 
of the word " cooperative," emphasis is placed not only on the kind 
of training given, but also on the relation between school and industry, 
and on the method of bringing them together. 

In recent discussions of educational matters, there has sometimes 
been a tendency to associate with the cooperative plan phases of 
education which clearly are not included in the foregoing description. 

■ In fairness to other methods and philosophies of education as' well 
as to the cooperative system, the several methods should be sharply 
differentiated. In the study of a system, not isolated features, but a 
collection of attributes, and the object and method of their combi- 
nation, should be considered. Manual training, the Gary plan, 
trade schools, continuation schools, apprentice systems, and the 
more legitimate forms of vocational and "eam-while-you-leam" 
schools may have some things in common with the cooperative plan, 
and with each other; but in underlying theory and method they are 
different. Each should be judged according to its own theory,' 
standards, methods, and results; and its place in the general scheme 
of education should be determined accordingly. 


In a number of high schoob the cooperative plan has been adopted - 
fe and courses have been operated successfully under widely varying 
V conditions. At Fitchburg, Mass., for example, an arrangement' 
" exists whereby high-school students, after spending one year wholly 
(ii^ in school, .work during alternate weeks as apprentice machiniste, 

' pattern makers, saw makers, draftsmen, molders, tinsmiths, printers, 

: \ or textile workers. The instruction which they receive at school is 
P coordinated with their practical work. The cooperative principle is 
. similarly applied m the York (Pa.) H^h School, where the students 
work in m^hine shops, foundries, automobile and carriage works, 
the cabinetmaking deportment of a piano factory. Recently 
courses have been introduced into several high'echools in 
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puuea, and other branches of industry, according to the localities’ in 
>rhich the schools are situated. The results of the New York experi- 
ment hitherto have been such as to refute the arguments that the 
cooperative course can suc^d only in a few occupations and in 
small centers, ^ 

t 

POSSIBLE EXTENSION OF COOPERATIVE EDUCATION. 

Agricultural education . — Recognition of the opportunities for 
cooperative education in agriculture is now general, and it is likely 
that before long the plan will be given a thorough trial in connection' 
with schools and colTegea favorably located for such cooperation. 
The statement of A. C. Monahan, of the United State's Bureau of 
Education, as reported Ln the Cincinna^Enquirer of March 20, 1915, 
expresses a conviction which is shared by many educators, regarding 
the opportimities for cooperative education iiWhe agricultural sections 
of the United States: ' ' 

The Schneider gj'^m of combining practical with theoretical studiee and giving 
credit for reeulte achieved in both ways is destined to be adopted generally in technical 
schools and urban and rural high :hooIs throughout the country. A large number of ' 
permns have indicated their hope that a cooperative agricultural educational scheme 
of this character might be adopted in the Southern States. 

Under the Schneider system a student works part of the time in school and part of 
the time in the shops. As the idea has been worked out in Northampton a 

ru^ student is given credit for the time passed in doing ordinary farm chores, pit>- 
vidfcd that he usee intelligence in his methods of work and in the obsen-ation of 

I6SUltB. 

There is no particular cultural value in a boy milking cows, for instance, or culti- 
vating com, tffter he has done it a few times, but if he will do a certain amount of 
rea.iing in connection with the work, keep records of yield and cost, and make experi- 
menta whicli require him to think, that in winrational 


In the agnculti^ colleges, the winter courses for farmers, now 
everywhere established, might easily be made the beginnings of a 
cooperative system. Better stiU would be the six-months courees 
^ich begin after wheat sowing and end in time for spring plowing! 
Ihe mere alternation of work and study, of course, means very little- 
but.)! the two penods were oiganized according to a systematic plan 
tor the coordination of theory and practice, there is no reason why 
a (operative course m agriculture could not be made a success. If 
such a plan were adopted, the model farm at the State college would 
- 54046 ®— 16 — 3 , 
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be supplemented, if not displaced, by the* various agncultural plants 
over the State, with their wealth of educative material. 

Proposed nuriohoZ tintversi^y. — ^Among the many opportunities for’ 
the applicatioh of the cooperative principle in graduate and professional 
education, perhaps the n^ost significant are those which have been 
mentioned in connection with the proposed national umversitv. 
Deau. Herman Schneider, in a statement bef6re the House Committee 
OB Education, January 26, 1914,^ and President Charles William 
Dabney, in a statement before the same committee, February 27, 
1914,* have esiplained different phases* of the g^perative plan which 
would naturally "apply to a national institution of this kind. The 
former emphasizes especially the selection and' training of men for 
public service, and the latter, the utilization for ^tructional purposes 
of the vast scientific equipment of the United States (Jovemment at 
Washington. 

The following is' quoted from Dean Schneider's statement: 

The ^poMl that the Qovemment establuh a National Univeraity at Waabington 
pre p uppoeee that the Govenunent has a definite educational problem to solve, and 
that no existing agenciee do or solve it. Juxtaposed statementa of the many 
problez^ the nation which can be met by education and of the facilitiee offered 

by the established institutions of higher learning discloee at least one major problem 
unsolved or insolvable without the organisation of a new institutiOD — the training of 
experts to do the work distinctly ^peculiar to the Government. Such work, Ux 
example, includes service in the diplomatic and consular fields, in the Patent Office, 

* in. the Bureau of Engraving and Printing, in the Agricultural Department, in the 
Industrial Kelations Commission, in the Interstate Commerce Commiadon, and in/ 
many other other departments and cdnuniaaons. •«- 

t It is evident without argument that the high degree of efficiency required to meet 
complexity of governmental activitiee can beet be obtained by selecting 
persons of reasonably demonstrated fitness for the service, training them in the actual 
work, and supplementing their training with an equal amount of coordinated inst^c- 
tion and reseat. 

The>pplici^on of the cooperative plan to a National University having as one of 
its functions the training of Government experts can be con^dered most succinctly 
under the three basic, principles of the system— selection, practical training, and 
co(ffdinated instruction. 

At the University of Cincinnati the applicant is required to present a hi^-school 
scholarship record which presumably Indicates his mental ability. He is then r^ ; 
quired to Bwve three months of full-time woric under observation in the field of e^- 
neering he has choesn. If he givee evidence of fitness, he is admired to th'e university. 
The real weeding out of the inapt and the relocation of the able but misplaced go oa 
: through five yean of combined' work in theory and practice. 

Nationil University, howevefr, will be a graduate school, and hence Its selec- 
tive system will be simpltf and surtf, for during his undergj^uate career a young 
' man demonstrates his positive tendencies. Thus, in biology he may Aow marked 
ability, and tak e his majors in th^ sdence. He ahotdd have a knowledgaof the sub-, 
ject sufficient to enable him to enter certain aciwtific bureaus of the Department s^ 
'r A^cuftuxe, and it has been diofii that he should have a strong beat toward biologi^^ 

of thU character. Upoh'gtaduatipn from his undeigi^uate achool, and 

- _ ■ ■ ^ . . ' . 
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■tn^ proob of hb ipecial ability, he mi^t be admitted to the borettu and to the 
National Uniwsity. Smce the system would i^ply to all or nearly all of the Gov- 
ernment departmento, the National Univ^ty, together with -the department and 
bureau chieb, could specify the major studies in which an applicant must be ppt>- 
fi(^t in <ader to enter any particular department. Thus, upon investigation if 
mi^t 1» that the applii^t fortiaining in the Consular Service should present 
majors in history, political science, economics, and international law; and in the 
Coast and Geodetic Survey courses in civil enginewing, aith special work in astzon-. 
omy. In short, the requirements for admission would be: First, the succewful com- 
pletion of in undergraduate course, containing juch major studies as might be required 
to begin work in a special department; and, second, reasonably demonstrated abiUty 
for the work selected. 

The organizatiou of the practical work would be effected by confwences between 
the heads of the cooperating departments and the National University professon 
Thus, the question to be met in training men for the Consular Service wo"^d beVhat 
departmental experience a well-trained consul diould have. Analjsis and synthesis 
would lead to a plan of carefully selected progressive experience in appropriate 
bureaus of several departments — State and Commerce^ for example. It is not im- * 
proUble, too, that further experience in a banking c^cem doing a diveraified foreign 
busineae would be found advantageous. The occarional use of privately owxiedtrainixig 
facmtiee could ^ ananged without di^^ The easatial factor in the training 

part of the echenae is planning the practical work to meet comprehensively the de- 
mands of the pomdons for which the graduate students are being trained. 

Successful completion of the coopmtive training should insure entrance info the 
mrvicfil at a grade to *be detennined, just as oaduation from West Point guarantees 
admission into the Army with a cotain rtan<Ung. Indeed, th«e seems to be no ra- 
' don^ reason why training for important jnetB in the civil Wvice should not be 
much a function of the Government as training for.like posts in the military swice. ^ 
The present method of selection by examinadon is admittedly an expediential com- 
promise. Unquestionably, the addidonal cost of the univemity to the Nation would 
* be more than met by the increased ^ciency of the Nation'a servants. Nm need the 
cort be great; for imder the cooperadve system the univeftity uses existing facilities, 
and hence its expei^ is confined to te^ere, classrooms, and special Eaboratori^! 

In fact, the cooperative system is merely a combinadon of the old-fuhioned thwmtgh 
apprenticeship and the old-fashioned ‘^college, ” with the obviously necenarv cooe^ 
dination. . ^ 

The old-fuhio^ app^ticeahip poeeessed real educational values, but because 
of specialization it has been gradually disappearing mstead of extending to mm and 
hi^er phases of human activity. Fortunately, we ate beginning to reaUze that ou/ ^ 
<^refuUy designed mechausms for production, construction, and dirtribution are in 
. me truest sense laboratories, whose educational worth it were folly to ignore kinger. 
Kobe significant still, because of the rapidly growing complexity of govenunental 
functions, hie the educational opportunities at Washington. Their utilisation thieugfa 
' coopoation wbul<^ enhance manyfold the value of the Rational Univeraity. 

- Thesp ec^ work outlined in the foregoipg is not exclusive; it could not po^ly 

'I interfere with any other work which mi^t properly be done by the piopoaed inatl* - 
j'-totioa. 

f; loj^ statement Dr. Dabney said: 

AiMthwcoiiaidenti(minadvqcatiiigaNstioiMlUniv«nitjrq|tliistype‘isth»dttty ^ 

utilisiAt «!»«» vart atotei U sdentiflc matwiid in WtAii«tOD m «»ipletely as ' 

- ^S*?**** advMicwnentof knowledge; It ia a w^-known btct that thed«qnuida^;: 

^ 0 the Oovlwiimttitteiiiuaediate economic nwaUactimpal ltiideatificitaff to d*VDta 

l^eiM^ali^ ei^iirfyfl^tp wli^ have pctctiteJ: 
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, enda. The rich materuls far th«. adv»nc«ment of pure gcienc« are thua, in » laigft 
mewura, noceaauily neglected . If in' each of the (^vemment acientSfic buieaua 
th«e wm a number of atudenta working on their material with refoence to the ad- 
vancement of pure Bcionce, the world'would certainly get a much larger output of 

• leaulta The utiliaation of material by a limited number of atudenta of thia characta 

need not ii|terfere at all with ita uae for economic reaulto. On the other hand, a 
complete scientific atudy of the material would imdoubtedly greatly promote the 
eflficiency of the departmenta in reaching the immediate reeulta demanded by the 
Government. The presence mid work of advanced students would undoubtedly 
greatly improve the work of the Government scientific staff itself. 

REQUISITES FOR A SUCCESSFUIr COOPERATIVE SYSTEM. 

Notwithstanding the many possible applications of the coopera- 
tive system, only a few of which have been indicated, it would be a 
mistake to assume that this type of instruction can easily be put into 

- ■ successful operation in any given combination of circmnstances. It 
will be recalled that the cooperative course was first suggested by^the 
existence, side by side, of an institution for teaching young men and 
a great industrial plant in which as graduates these same young m'en 

y would put their theory into practice. Under the cooperative plan 
it was proposed merely to take advantage of what may be called the 
“laboratory of industrial environment” in the training of students 
whose book learning found practical illustration in that environment. 
Since one community varies widely from another in the nature and 
exteht of its industrial interests, there must be a corresponding varia- 
tion in the details of a cooperative course desi^ied to fit a particular 
community. Thus, the cooperative course in engineering which has 
been developed at the University of Cincinnati could not be success- 

- fully .adapted in its entirety by the University of Akron (Akron, 
Ohio), the University of Pittsburgh (Pittsburgh, Pa.), or the Geor^ 
Institute of Techi^logy (Atlanta, Ga.V Each institution has its 
o^ pecuhar set of conditions, industrial and educational, and who- 

^ ever plans a cooperative course must take account of these conditions. 

Nor does the adaptation end with designing and establishing the 
-pourse. Unlike the regular course, which c^ be administered within 
a comfortably definite routine, the cooperative system is a perpetual 
challenge to the valance and ingenuity of ^e. executive force. 
There are, to be sure, no msuperable adininiatrative difficulties, but 
jtheibe are frequent surprises and small adjustments that call for watch- 
ful, supervision. Still more depends, however, upon the spirit of the 
teaching staff and^of the stud^t body. Although teamwork and a 
friendly attitude' of “give and take" are important in any union of 
effort, they are vital to the cooperative course; they are, in fact, the 
■ 03 ^ce of cooperation. • ' * 
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APPENDIX A. . 

TYPIC^ INSTRUCTION SHEETS AND OUTLINES. 

OBSERVATION OUTLINES FOR COOPERATIVE STUDENTS. 

The work syllabi, or observation outlines, extracts from which are ' 
given on the foUowing pages, are intended to serve a twofold pur- 
pose: First, to make the student a more intelligent, and conse- 
quently a more efficient, workman; and second, to emphasize the 
instructional value of the practical work, by showing the relation 
between the student’s practice and his theory. The three types of 
work which have been chosen for illustration are as follows: Ellectric 
car trucks, foundry metallurgy, and engine lathe, 

ELECTRIC CAR TRUCKS. 



Many raoperative students, esj>ecially in electrical engineering 
begin their practical work in the shops' and- bams of the Cincinnati 
Ti^tion Co. Some' idea of the. variety of experience afforded by 
this work may bo gained from the excerpts given below. 


No. 15. Klbctric Cab Trucks — Repair and Mai kte nance. 


Name. 


Date. 


Student apprentices employed by the local traction cofcpany in their car bama 
and repair ahope are generaUy engaged in the repair oI the rolling stock. In detail 
the work conabta of— * 

. (a) The repair and adjustment of trucks, brakes, motors, controllers, heaters, lights 

Bwitchee, and electrical protective devices; ’ * 

(6) The wiring of cars, connecting motors, controllers, haatofl, lights, switches, and 
electrical protective devioee; 

(c).The inspection of parts of care to ascertain whether repairs are needed; and 

(<f) Machine work in which new paris are manufactured or built to repUce those 
worn out in service. 

The ^estioQS on ^efollowin^Mes which deal the maintenance and repair - 
of tracka and related parte are grWped for convenience as follows: Motor suspension • 
geare and pinions; wheels and axles; bearings; lubricaUon. 

- While the mechanical watV of repairing tructa is of a rough type’ compared with 
many machine-tool operations, the experience, nevertheless, is of great value to the 
togin^ng apprentice, on account of the numerous applications of technical theory 
rtncounte^ Attention will be called to many of theee applications by the coordi- 
niUng questions on the following, pages. Queetioos relating purely to pimctical Work 
w numbered. The questions which show the theoretical connections are lettered 
^d ^ped with the conesponding practical question. The branches of science* 
are shown in parentheses, togetho> with the year of the university course 
them subjects w studied. . ' * 

'87'. '-‘■'i*. 
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RSrBRSNCSS ON ELBCT&IC CAR REPAIR AND MAINTENANCE. 

lAbchine Reference Series No. 34, and Repair of Dynamos and Motors. 
Machine Reference Series No. 74, Electric Magnetism. 

Machine Reference Series No. 75, Motors, Generators, and Electric Railways. 
Electric Road MMntenance---/acfcson. 

American Electric Railway Practice— -Briridfe and Boynton. 

Modem Electric Railway Motors — Hanchepp. 

Elements of Electric Traction— (Jon/. 

Electric Railways — Ashe. 

Electric Railway Handbook— Hmidfc. 

The Motorman and His Dudes — Oould, 


CHARACTERISTICS OP DIFFERENT TTPE8 OF TRUCKS. 


1. What are the eesential differences between the trycks of single and double- 
truck cars? Which type of car can take the shorter curve, and why? \STiich can 
tfVfl a given curve at the higher speed, and why? Which type is in greater use by 
the local tracdon company? Are there any lines on -which either, type can not be 
used? If so, state the reasons. 

A. What determines tho minimum radius of the ciirve around which any truck can 

pass? (Coor. -1, 2.) 

B. What determines the minimum radius of the curve around which any car can 

pass? ' (Coot. -1,2.) 

C. How would you measure the radius of a track curve on a city street? 

(Math. -1.) 


D. In what units are the radius and the length of a curve expressed? 

(R. R. Surveying Theory -3 E. E.) 

2. Define- clearly and stale the funcdons of each of the followhig parts of trucks, 
and give the materials of which each part is made; Frame, bolster, transom, center- 
plate, king-pin, equalizer springs, equalizer bar, pedestals, journal boxes, side- 
bearing plates, journal brasses, motor axle, sleeves. 

3. What is the object of '^hanging” the spring plank from the transom, and in 
what way is this done? * 

4. Show how die different locadons of brake shoes on a truck influence its design. 
(For detailed questions on brakes, consult special sheets.)* 

5. Explain the funcdons of tho ride hearings of a car. \Miat is the difference in 
their Acdon when the car is filled and when it is empty? How much clearance is 
usuidly given in these bearings? What is the result of too much clearance? Of too 
little? To what extent are these bearings cushioned on wooden blocks? State your 
opinion of this pracdce. 

6. Be able to diow by a sketch the constnicdon of a full ellipdcal spring. Horc are 
theV'arious leaves held together, and how are the ends of the outer leaves tied? How 
many leaves are used in the springs of trucks under your-observadon, and about what 



is their thickness? 

A. What is the moment of a force? What is a bending moment? (Mechanics -3.) 

B. In a leaf spring, why are more leaves necessary under the point of applicadon of 

the load than near the ends? (Elem. of Eng. -1; Mech. -3.) 

7. Describe the mp-aimum traction truck and explain the significance of its name* 
What provision puts the greater part of the weight on the large wheels? Why is thu 
desirable? State the object of using differeik sized wheels on the same truck. How 
dc^ the dang^ of derailmept in a truck of this ty]^ compare with that of trucks , 
Bymxnetrically loaded? 

A* What class of lev^ have we, if we consider the center of the small wheel a ful* 

. cnup, ap<^t opposite. the king-pin as the point of application of power, and 
^thec^l^of •. 
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B. If we consider the side frame of the m a ximum 'traction truck as a beam, with the 
load applied at the point oppoaile the king-pin, show how to calculate the 
reacUon at each axle journal. (Elem. of Eng. -1; Mech. -3.) 

from the gear to its axle in the cash of (a) pressed 
fits, (6) of ^htgears? In which case are keys necessary, and why are they not neces- 
sary in both cases? What kinds and sizes of keys are used for each type of gearo 
used by your company? . 

A. lethe width of fsceof a gear nsn^y designed merely to reastall etreseea with the 
correct factor of safety, or is it made wider than necessary in order to decrease 
the unit pressure and the resulting wear? (Mach. Des. -3. ) 

39. Explain by a sketch how the armature pinions are fastened 4o their shafts. Are 

their BOAis tapered or straigl^t? Can they be removed? Of what g ade of material 
are such keys m^e? What kinds and sizes of keys are used? 

A. Why is a pinion often made*^der than its gear? (Macb. Des -3 ) 

B. Which wears the more rapidly, the pinion or the gear? Why? 

. (Mach. Dos. -3.) 

V FOUNDRY METALLURGY. ' 

The following questions are part of a syllabus on foundry work. 
In addition to metallurgy, the sheets on fhund^y practice include 
hand and machine molding operations, core making, and foundiw 
management. ^ 

. No. 12. Iron Founprt (Metallurgical Sheet). 

Get the following data and measurements in regard to the cupola used at >'our foun- 
dry. Thw date will be useful in studying compafative cupola periormance in con- 
nection with the subject of metallurgy. # « 

1. Diameter of cupola (in inches). 

2. Height of tuyeres from sand bottom (in inches), w 

3. Height of chi^ng door above tuyeres (in inches). 

4. Height of ch^ng door above tuyeres divided by diameter (in inches). 

5. Number and arrangement of tuyeres. 

6. Size of tuyeres (in inches, vertical and horizontal). 

7. Area of tuyeres (in square inches). 

,8. Cupola area is how many times tuyere area? 

9. Diameter of blapt pipe (in inches). 

10. Blast pressure 20 minutes after start (in ounces). 

11. Class of work made. ■ 

12. Relined, howofteh. 

13. Weight of bed charge of fuel (in pounds). 

14. Weight of non in bed charges (in pounds). 

^ 15. Weight of fuel in charges subsequent to the bed charge. 

• 16. Weight of iron in chaigea subsequent to the bod charge. 

17. Total weight of fuel, one run (in pounds). 

18. Total weight of iron, same run (in pounds). 

19. How many pounds of iron are melted byl pound of fuel? 

20. Kind of fuel used. , 

21. ^uel measured by weight or by volume? 

22. Height of fuel bed above tuyeres (in inches). 

23. Thickness of fuel charges after the bed charge (in inches). 

24. Thiclmeas of iron charges after the" bed charge (in inches). 

^•, 26 .^ Time bef<^ iron appears .after blast is on (in minutes), ** ^ ^ 
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Time to melt iron charge after the bed charge (in minutes). 

27. Total iron melted per minute (in pounds). 

28. Total iron melted per minute, per square -foot cupola ares. 

Find from your foimdry the answers to as many as possibleof the following questions: 

1. ifir/wrer.— How many different iron mixtures are used on the work at your 
* foundry? WTiat are their distinctive chemical differences? For what class of castings 

is each used, and why? How many and what mixtures are poured in the same run? 
How are the different mixtures prevented from mixing in the cupola? In what order 
are the mixtures melted? Why? 

2. Pig, icmp, cmd eohe . — Give names and as many as possible of the characteristic 
diemical differences of the various grades of pig iron and scrap used. What are llu* 
prevailing market prices of these grades? What kind of coke is used and what is its 
cost? 

3. Zoru4 . — What are the exact locations and thicknesses of the crucible, tuyere, 

- and pelting and stack zones of your cupola? What takes place in each during melting? 

4. Melting practice — What is the range of sizes of commerc^ cupolas? Does the 
diameter of the cupola affect the weight of the various charges of iron and fucl?^ 
Why? ' If it takes longer th^n usual for the iron to run, after the bla^t is turned on,^ 
what does this fact indicate? What is the effect of too thick layers of coke? WTiy? 
What is the effect of too thick layers of iron? How is this noticed? Is it possible 
to have alternate layers of iron and fuel too thin? How is very hot iron produced? 
What percentage of pig iron charged is lost in melting and pouring? In what ways 
does this lose occur? Why? 

5. Chemical cAonyc#.— Do iron castings ordinarily contain more, or less, sulphur 
than pig iron? Why? How much? Wh/is the first and last iron drawn relatively 
higher in sulphur than the rest? How can the amount of sulphur in the last iron 
drawn be reduced? Why? Do castings contain more, or less, silicon than the 
original pig? Why? How much? WTiat materials are charged to form a slag? Give 
both their chemical formula and their physical form. Is any fluorspar used? WTiy? 
What are the advantages and disadvantages of ^igh state of fluidity in the slag? 
What becomes of the dirt on the pig iron? What bRomes of the ash of the coke? What 
gases come from the top of the cupola? What is a "cutting flame ”? \\Tiat ca^ it, 

and how is it recognized? 

. ENGINE LATHE. 

The outline on the engine lathe deals with three principal phases 
of the s^u^ent's experience: (1) The operation of the machine, (2) 
thd design of the machine, and (3) the management of the department 
in which the machine is used. 

No. 3. Esoinb Lathb. 


Name Data 

In running any machine tool, the important points are : (a) The fastening of the work, 
(6) the and setting of .the correct cutting tools, (c) the selection of the proper 

fe^ and speeds and the taking of the cut. 

Questions Nos. 1-75, inclusive, on the following sheets, will guide you in a study 
of your work For convenience they ^ arran^ under the following headings : 

(A) l4the tools—kinda, uses. 

(B) Speeds and feeds. 

(0) Fastening and supporting of the work. 

(D) TypicsJ lathe opoations. 

(E) Taper turning and boring. 

\ Thread cutting. 

^ ^ ^ experience or in the 
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RErKBENCBS. 

Catalogue of the firm making your machine. 

Operation of Lathe, Part 1 , Machine Reference Series. . 

Operation of X/athe, Part 2, Machine Reference Serioe. 

Principles of Machine Shop Work— 

Lathe Design — Nicoltm. 

Modem Machine Tools — Benjamin. 

The Art of Cutting Metals — Taylor. 

1. What is an engine lathe? Write the names of 20 of the principal parts of your 
lathe. 

2. When is a lathe tool right-handed and when is it left-handed? Sketch top 
views of the following: Round-nose rougher, wide-noee finisher, side tool, bent left- 
side tool, brass tool, parting tool, vee-thread tool, and boring tool. 


tATBB TOOLS, SHAPES, 8ETTINOS, AND ORINDINQ. 

3. Define and show by sketch; Clearance, back elope, and aide slope. What is the 
object of each of these? 

4. Why has a round-nose roughing tool a curved cutting edge? 

5. Why is there danger of spoiling the work by setting a round -noee tool with its 
noeo pointing in the direction of the feed? How is this danger eliminated— (a) when 
turning, (6) when boring? 

6. \^t is the danger of spoiling the work when the point of the tool is set above 
the axis of the work and projects too far out from the tool post? 

7 . Show by a sketch the effect on the clearance and on the effective top elope of 
having the tool set (a) above center, (6) below center. For ordinary turning, what 
is the correct height of the tool? What is the effect of too small a cutting ’ angle 
when cutting hard material? WTiy should the top slope be aero or slightly negaUve 
for brass and other soft materials? 

8. mi&t ia meant by burning a tool when grinding? What precaution can be taken 
to avoid thie? 

9. What ie the specif advanta^ of using tool hoWere? Sketch two different forms. 

10. What are forming tools? How are lathe- forming tools sharpened without 
changing their shape? On what work are they used? 

\ ' ■ 

SPEEDS AND FEEDS. 


11. What is meant by the cutting speed on a lathe? How is the correct cutting 
speed determined? 

1 2. What is the effect of too high a cutting speed? In general, what do you consider 
to be the most economical rutting speed for a given Job? 

13. How does the cutting speed vary with different materials worked on? With 
depth of cut and feed? .Why is the maximum speed for cast iron lower than that for 
steel? 

14. A piece of lathe work 12 inches in diameter is turning at 18 r. p, m. What ia 
the cutting speed? 

15. A cerUin material permits a cutting speed of 90 feet per minute. Its diameter 
is 6 inches. What would be its r. p. m.? 

' FASTENING OF WORK. 


17. Name four methods of fastening work in a lathe. 

V 18. By means of sketches, show three ways of locating the center of a round shaft 
y. bV hand» preparatory to drilling the center holes. « 

19. are two advantages of centedng by means of a machine?. By means of fcV 
^io^iWhy bent work should be etr^htened centedng. 
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20. What IB the angle of lathe centers? Show by a sketch the result in each of the 
following cases — (a) when the center hole of the work has a smaller angle than the 
lathe center; (6) when it has a larger hole than the lathe center. ' 

■23. Which end of the mandrel receives the dog? Show by sketch the effect of 
using too short a dog. 

24. Describe two types of expanding mandrels. Use sketche^ 

26. What is a roller mandrel? Sketch a section through oue and state its particular 
advantage over a plain mandrel. 

79. Why will a machine with a single-pulley drive often deliver more power to a 
tool than a oone^driven machine? Calculate the maximum possible ciit spo^ on 
work of minimum possible diameter.* Calculate the minimum poesible speed on 
work of maximum possible diameter. Why are these values significant? 

89. How is the feeding mechanism connected to the driving mechanism? By 
what mechaniem is it possibly to secure variable feeds? How is the amount of feed 
designated? Make a list of alffeeda. 

81. Has this lathe a feed rod ecparate from the load screw? Why? If not, is the 
lead screw splined 7 Why? What is the pitch of the lead screw? Of the cross-feed 
screw? Can the lead screw and the feed rod be engaged at the same time? ,Ia there a 
rhaang dial? If BO, into bow many divisions is it marked? What are the high and 
low limits of the threads possible to cut? 

82. What angles are used on the carriage ways? Have these been chille^ Are 
the centers set half way between the Vee ways or not? If not, where are they, and 
why? 

83. How is the carriage gibbed to the bed? How is the compound rest gibbed to 
the carruge? How is the apron secured to the carriage? 

84. Can the longitudinal and cross feeds be engaged at one time? If so, what angle 
will this tend to cut? Is the tool rest plain, swivel, or compound? Wbat is the 
difference in the construction and use of each of these? \Sliat is the maximum i>os- 
aible size of tools? Is there any taper attachment? * 

86. Give the material of each of the following, including alAy beat tr^tments given 
to the gears: Bed, carriage, tailsrtock, spindle, tailstock spindle, apron, driving pulley, 
face plate, hand-feed handles, spindle bearings, gibs, dead center, live center, back 
gean, driving gears, and gears in apron. 

83. In order 4:^1 the lathe may do accurate work, what alignments relative to 
. each other are required of the spindle, carriage ways, renters, and cross slide? 

87. Assume the machine to be pulling a heavy cut. Without calculations, tell 
roughly the directions of the forces which resist the pressures of the cut longitudinally, 
crosswise, and torsionally; and tell in what members these forces act. 

88. Can you ascertain in what positions the castings for tho bed, bcadstock, tail- 
stock, apron, and carriage were poured in tho foundry? Can you tell which portions 
of each of these were in the cope, and which were in the drag? ^Vhat parts required 

* the use of cheeks? * 

89. Wbat points were incorporated in the design of the above castings to secure the 
necessary rigidity? What points we^e incorporated to insure freedom from certain 
metallui^cal faults in^the castings? 

104. What kinds of tool steel are used for the forged tools? By "whom areiAich tools 
made? By whom dressed? What makes of toolholders are used? To what extent 
and on what classes of work? What brands of taps and reamers are used? Wlmt types 
of reamers are most common? By whom are the /orm tools and special cutters 
designed? By whom made? By whom resharjWed or ground? What brands of 
the above tools would you recommend, and whyn 

106* What types of chucks Mid face plates ar^^n m<^ general use? Are chucks 
^yand face plates ever used on c^er machines than thoee for which they were built? 
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What makes of chucks can you recommend? What kinds of mandrels are used? Are 
they made in your own 109! room? What is the practice in regard to the amount of 
taper used on the different types of mandrels? 

106. Give a list of all special attachments and fixtures used on Is, the work. What 
is the special use of each? WTiat fixtures have you needed in yotir work which were 
not to be had? 

107. Give any standard allowances used in your department in making running;^ 
drive, press, or shrink fits. Give a concrete example of one of each of theee fits made 
in your department. Is the variation from standard put on the male or the female 

» part? 

lOS. What kind of crane or hoist service has the department? Describe, and give 
all possible data.. Note also whether the department is proWded with such facilities 
as arbor presses and centering machines. 

109. Describe all tickets and tags which accompany the work through the depart- 
ment. Bring in a sample or sketch of each, explaining its use. How long does work 
remain in the department on an average? From what departments does it come, and 
to what departments does it go when finished? How much work is turned preparatmy 
to finishing in a grinder? How close to dze is such work ttimed? What are the^vd*- 
age sizes of lots for different types of work? Can you ascertain how the foreman keeps 
his records of work completed, work under way, and work soon to come? 

110. WhAt lubricating or cooling compounds are used? How are these mixed, and 
how applied? How are they stored before mixing? What provisions are thetre for 
cleaning machines? Of floors? By whom cleaned? 

111. Sketch freehand — (1) Lay-out of department, and (2) vertical section through 
shaft hanger. 

INSPECTION TRIP REPORTS. 


COORDINATION 1, 8, AND 6, AND ENGUSH 41. 

Although tho inspection trips outlined below are made a part of 
the work fn coordination, the reports are counted as themes by the 
English department and are thus criticized both for subject matter 
and for expression. A similar plan is followed in the case of 
inspection- trip, and laboratory reports written by upper-class men. 


Inspection* Trips and Elements of Shop Practice.* 


I>aU4. 

, Sec. 

1. 

Skc. 

2... 

(C/. Instructions for £ng. 41.) 

Sept. 

21 

Oct. 

0 

Preliminary diecusaion. 

Sept. 

24 

Oct 

8 

Names and uses of small tools. 

Sept. 

29 

Oct. 

13 

Measuring tools and gauges. 

Oct. 

1 

Oct 

15 

Micrometers and verniers. 

"^Oct. 

20 

Nov. 

3 

Foundry tools and appliances. 

Oct. 

22 

Nov. 

5 

Description of Cincinnati waterworks. 

Oct 

23 

Nov. 

n 

Inspection trip No. l.-LCalifomia waterworks. 

Oct. 

27 

* Nov. 

10 

Discussion of above trip. 

Oct 

29 

Nov. 

12 

Foundry .materials— types of molds. 

Nov. 

17 

Dec. 

1 

" General foundry methods. 

Nov. 

18 

Dec. 

3 

Deecription of foui^y to be visited, . 


> This p«rt of tho work b not Itoted M p a n ttely in Um caulofuo, but ii giroD lu oonnectioa with oooiw 
dhntSontAahda. - - 
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Nov. 

20 

Dec. 

4 

Inspection trip No. 2. — Foundry. Laidlaw Dunn Gordon 
Co. 

Diacuflaion of foundry trip. 

Nov. 

24 

Dec. 

8 

Nov. 

26 

Dec. 

10 

Review and quiz on work to date. 

Doc. 

16 

Christmas ) 

Materials of mechanical construction. 

Dec. 

17 

vacation. J 


Christmafi 

rJan. 

5 1 

|Names and uses of machine tools. 

vacation. 

\Jan. 

7 J 

Jan. 

12 

Jan. 

26 

Metliods of remonng metal by niacldne tools. 

Jan. 

14 

Jan. 

28 

Description of macliine shop to be visited. 

Jan. 

16 

Jan, 

29 

Inspection trip No. 3. — Machine shop. The Cincinnati 
Milling Maclune Co. 

Jan. 

19 

Feb. 

2 

Discussion of machine shop trip. 

Jan. 

21 

Feb. 

4 

Reasons for different types of each of tlie standard macliine 
tools. 

Feb. 

9 

Feb. 

23 

Soifle typee^nd uses of electrical machinery. 

Feb. 

11 

Feb. 

25 

Description of power plant to be uaited. 

Feb. 

12. 

Feb. 

26 

Inspection trip No. 4. — Power plant. The Oakley Colony 
Power Plant. 

Feb. 

16 

Mar. 

2 

Discussion of power plant trip. 

Feb. 

18 

Mar. 

4 

Arrangements of A. C. and D. C. circuits. 

Mar. 

9 

Mar. 

23 

Materials of electrical construction. 

Mar.^ 

11 

Mar. 

25 

Description of electrical plant to be visited. 

Mar. 

12 

Mar. 

26 

Inspection trip No. 5.— Electrical manufacturing plant. 
Bullock Electrical Mfg. Co. 

Mar. 

17 

Mar. 

30 

Discussion of electrical trip. 

Mar. 

18 

Apr. 

1 

Precautftns necessary around electrical work. 

Apr. 

6 

Apr. 

20 

Hardening and tempering. 

Apr. 

8 

Apr. 

22 

Casehardening and annealing. 

Apr. 

0 

Apr. 

23 

Inspection trip No. 6. — Chemical plant. Jarecki Chem- 


ical Co. 
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'• 3. «>d J, wd Ch«nb,ry. Prw«,„J. 


Object. 


To develop the ability to 
orMite material Into 
a clear and comprehen- 
(dve report. 

To review and apply the 
|)rtnclples of compos!* 

To discover weaknesses 
in the writing ability of 
individual students. 

To correct faults In ex- 
nreasJon, particularly 
In such matters as par- 
agraphing, sentence 
structure, spelling, and 
punctuatloar' 


To Increase the student’s 
vocabulary and to 
make him more accu- 
rate in the use of words. 


Method. 


I^erturea on the princi- 
ples of composition as 
applied to tto writing 
of reports. 

Written liwtructlona to 
guide the eludent In 
writing reports. 

Examples of good and 
bad form tn inspec- 
tion-trip reports. 

CrIticLsm of repo^ by 
the Instructor and the 
class. 

Revision and rewriting 
of reports by the etu- 

► ' dents, 

Cooferencee with Indi- 
vidual students. 

Additional study and 
practice required of 
those students who 
show poor preparation 
In Rngli^. 

Technical terms sup- 
plied and explained 
by the department of 
coordination. 

Credit given fc«- form as 
well as for content In 
all written work, re- 
gardless of the branch 
oI study involved. 


Matter. 


The whole composition 
and the paragraph: 
Subject, purpose, ma- 
terial, organization- 
unity, coherence, and 
emphasis. 

The seriMhce. Vocabu- 
lary: Technical terms; 
general and specific 
words. Spelling; punc- 
tuation: abbreviation; 
use of Amires; style In 
engineering reports; 
ana standardization of 
mechanical details, 
such as covers mar- 
gins, ftaragraph Inden- 
tations, position of 
titles and headings, 
writing of formulas 
and ohemlcalequa- 
tions, placing of 
sketches, and indorse- 
ment of manuscripts. 


Mechanism fad ministra- 
tion). 


All reports graded for 
Engl^ as well as for 
subject matter. 

On a blackboard record 
reports are chedred 
wheh received, and 
grades in Englfah are 
recorded before the re- 
ports are passed on to 
the departmeDt of co- 
ordination. 

Card catalomie* of In- 
dividual students oon- 
talna record of the fol- ' 
lowing details for each 
report; OrganiratJcn, 

^ sentence etructore, vo- 
cabulary, spelling, 
pimctuatfon, manu- 
e^pt, and grade in 
EngU^, 

Sketcn required with 
eoch report. 

Manuscripts written on 
uniform paper and 
bound In standard 
manila covers. 

Students meet regularly 
. In-groune of 6 to 8 for 
4!lie criticism of re- 
ports. 


English for Engineering Students ’* bv 
^^Engineering Educ., Vol. V., No. 6, Mav, 1916 ^ 

• The following is a typical card used for this purpose; 


C. W . Park, Bull., Soc. for Pro- 


Name of student 

Course.. 


year.s . . 




Grade. 

OganI* 

zatinn. 

Sen- 

tences. 

Vocabu- 

lary. 

Spelling. 

Punctu- 

ation. 

Remarks. 

Ex. ! 

Ex. 2 

Ex. 3 j 

Ex. 4.... 1 

Ex.fi 1 

Ex.» 1 

Ex. 7 

! 

... . . ,j 

*i 

' ! 

j 




It will be obeerved that the operation of the course just outlined ia made aajiearly 
•automatic aa jioaaible. Smoothness of administration is perhaps the chief essential 
to success in cooiierative courses, and it is for Hiis reason that written exercises 
r^u^ly required in other de|mrtments were made the basis of tiie course It wlU 
also be noted that, in the division called “Matter. ” a portion of tha^heory usually 
taught in separate English composition courses is included. 'By.distributing the 
theory in tJiis way through the various tooperative courses, codMderable time is 
saved for literature and literary comfioaition in the regular couiA in English. 
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/ A BIBLIOGRAPHY OF THE COOPERATIVE SYSTEM. 

(A complete record of the published matter <^ln^ with the cooperative system would oecessarlly include 
ttmoy newspaper articles, for from its very beginning the ax>perative plan has received a great deal ot 
attentloa from the general public, as well as from educators end technical men. The newspaper material 
giTen here Is restricted mainly to a few articles which m vk important dales and events In the devebpmeni 
or cooperative education, or which report papers and discussions not elsewhere published. It Is to 
regretted that the original paper proposing a cooperative scheme for technical education, which was 
rabmltted by Dean Schneider In 1903, has not been printed. The main propositions set forth in this paper 
are embodied In the section on the cooperative idea, page 7 of this bulletin.] 

Another important development in industrial education. (Editorial.) American 
V engineer and railroad journal, October, 1909. ^ 

'Another phase of cooperative engineering. (Editorial.) American ma('hiniBi, 
June 11,. 1908. 

Ayer, Fred *E. A cooperative course in civil engineering. Concrete engineering. 
June, 1909. 

Board of directors adopta cooperative scheme. (E^torial.) Cincinnati commercial 
tnbune, April 17, 1906. 

Oooperative industrial trsdning. Chattanooga times, J^uary 16, 1910. 

Urgas the adoption of tbe oooperative system In the Unlv'erslty of Chattanooga. 

Dabney, Charles William. The university and tbe city ni cooperation. Outlook, 
July 25, 1908. 

.Du Brul, E. F. The Cincinh^ti plan of coop^tive technical education. Cincinnati 
■ commercial tribune, May 25, 1908. 

A papM read before the Natbnal association of manufactxirers at its 13th annual meeting, New 
York City. 


———Cooperative industrial education. American machinist, January 20, 1910. 

Ahetract of a supplementary repbrt of the committee on industrial education of the National 
association of manufacturers . 

— A young instructor and his big dream. American magazine, May, 1909. 

Faig, John T. The effect of cooporalive courses upon instructors. In Society for 
the promotion of engineering education. Bulletin, March, 1913. 

Fish, E. H. The status of cooperative schools. American machinist, August^, 1912. 
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education, July 3, 1907. . 




Halsey, F. A. Cooperative education at Fitchburg. American machinist, January 
20, 1910. 

Hartman, Delia A. The cooperative course in engineering at the Univeraty of Cm* 
cinnati. In American association of collegiate registrars. Proceedings of 6th 
annii^ meeting, April 6, 1915. « * ^ 

through doihg. (Editorial.) Scientific American, June 26, 1916. 

Manley, J. M. Shop practice In the engineering course of the University of CTncin- 
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